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Description 

[0001] This invention relates to metallurgical pour 
tubes having at least one end of the tube, typically the 
downstream end, immersed in a pool of molten metal. 
Pour tubes conduct molten metal from one metallurgical 
vessel into a mold or another vessel. Examples of such 
tubes include sub-entry nozzles (SENs) and sub-entry 
shrouds (SESs), which find particular utility in the con- 
tinuous casting of molten steel. 
[0002] In the continuous casting of sceel, a stream of 
molten sceel is typically transferred via a pour tube from 
a first metallurgical vessel into a second metallurgical 
vessel or mold. The downstream end of the pour tube 
is immersed in a pool of molten steel, and has sub-sur- 
face outlets below the surface level of the molten steel. 
Such outlets pennit the steel to pass from the first vessel 
to the second vessel or mold without contacting air or 
slag. This reduces oxidation and limits contamination by 
slag. 

[0003] Pour tubes are typically preheated before use, 
but although preheated, the tubes are relatively cold 
compared to the molten steel. The molten steel passing 
through or around the tube subjects the tube to themrial 
shock, which can cause the tube to fracture. Conse- 
quently, pour tubes typically comprise thermal shock-re- 
sistant refractories. 

[0004] During casting, an immersed pour tube ex- 
tends through a layer of slag floating on the molten steel. 
Slag may comprise glasses, fluxes, mold powders or 
various impurities. Slag is corrosive, and the pour tube 
may erode more quickly where it comes in contact with 
the slag, that is, at the slag-line, than the remainder of 
the pour tube. The tube may fracture where such ero- 
sion occurs. A fractured tube permits slag to mix with 
the molten steel and also exposes the steel to oxidation. 
Additionally, a pour tube immersed in a mold often has 
sub-surface outlets designed to affect flow patterns and 
crystallization of the molten steel. Loss of the down- 
stream end having the sub-surface outlets may thereby 
compromise steel quality and, in some cases, may per- 
mit breakout in the frozen steel strand issuing from the 
mold. 

[0005] Attempts to prevent erosion of an immersed 
pourtube involve the use of collars fitted around the pour 
tube at the slag-line. Such collars, or slag-line sleeves, 
protect the tube from contact with corrosive slag. The 
sleeve may move relative to the outside surface of the 
tube, and permit the sleeve to rise and fall with changes 
in the molten steel level. A slag-line sleeve may be con- 
nected to a mechanism capable of raising or lowering 
the sleeve in response to melt level. The sleeve may 
even form a type of crucible surrounding the pourtube. 
The crucible has at least one opening communicating 
with a sub-surface outlet in the pourtube. 
[0006] Sleeves may also be fixedly attached to the 
outside of the pour tube. In practice, sleeves have been 
mortared, threaded, or copressed onto the pourtube. A 



mortared construction involves cementing an erosion 
resistant sleeve onto the exterior of a pour tube. Alter- 
natively, a threaded, erosion-resistant sleeve may be 
screwed onto the outer surface of the tube. 
5 [0007] Copressing involves pressing together two re- 
fractory mixes or one refractory mix and a pre-f ired com- 
ponent, and then firing into a single piece. 
[0008] Slag -line sleeves often comprise erosion-re- 
sistant refractories, such as zirconia, zircon la-graphite, 
10 silicon nitride, boron nitride, and zirconium diboride. Ad- 
ditional sleeve compositions include magnesia, magne- 
sia-graphite, magnesia-alumina spinels and dense alu- 
mina. Unfortunately, such erosion-resistant refractories 
often have poorthermal shock-resistance. This property 
IS is especially detrimental with pour tubes having fixedly 
attached sleeves. Attempts to improve themrial shock- 
resistance by modifying the composition of the sleeve, 
for example, by adding graphite, frequently compromis- 
es erosion-resistance. 

[0009] As shown in EP-A-737535. encapsulating the 
sleeve within the body of the pour tube may minimize 
thermal shock to the sleeve. The encapsulated sleeve 
lies between an inner and outer ring of thermal shock- 
resistant material. These rings are believed to absorb 
the extreme thennal gradients, which diffuse to the 
sleeve only gradually. Reduced thennat gradients may 
permit the use of extremely erosion-resistant materials, 
such as high-density, sintered zirconia. The encapsulat- 
ed sleeve should continue to protect the pour tube from 
the slag after the outer ring of thennal shock-resistant 
material has eroded away. In a particular case, the den- 
sif ication and sintering of the sleeve occurs in situ, under 
the action of the heat of the molten metal as the nozzle 
is first used. This densification and sintering are asso- 
ciated with shrinkage. The shrinkage can be accommo- 
dated by providing a layer of compressible material ad- 
jacent the inner surface of the sleeve. A limitation of the 
encapsulation of the sleeve, however, is the high ther- 
mal expansion of erosion-resistant materials. The en- 
capsulated sleeve will expand more than the body of the 
pourtube and could cause the pourtube to fracture from 
the inside out. 

[0010] An attempt, also known from EP-A-737535 to 
overcome this deficiency is a pourtube having an inner 
and an outer slag-line sleeve. The inner sleeve, made 
from a highly erosion -resistant material, is completely 
encapsulated between the pour tube and the outer 
sleeve. The outer sleeve is made of a material interme- 
diate between the erosion-resistance and thennal ex- 
pansion of the body and the inner sleeve. The outer 
sleeve is expected to decrease thennal stresses within 
the pour tube, 

[001 1] A need persists for an integral slag-line sleeve 
in an immersed, metallurgical pourtube that possesses 
outstanding erosion resistance but resists fracture itself 
or fracturing the pour tube when exposed to large ther- 
mal gradients or high temperatures. 
[0012] The present invention describes a pour tube 
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and a method of manufacturing a pour tube both having 
an erosion -resistant sleeve. An object of the invention 
is to produce a pour tube having an erosion -resistant, 
slag-line sleeve, wherein both the body of the pour tube 
and the sleeve resist cracking due to thermal shock or 
thermal expansion. A further object of the invention is to 
include an internal slag-line sleeve within such a tube. 
[001 3] In a broad aspect, the article describes a pour 
tube having a body defining an interior cavity. A sleeve 
is located within the cavity. The cavity is larger than the 
sleeve so that an accommodation region is defined be- 
tween the sleeve and the body. The region is sufficiently 
large to pemnlt thennal expansion of the sleeve without 
fracturing the body of the pour tube. 
[001 4] One aspect of the article describes the accom- 
modation region as a gap, or, alternatively, as containing 
a compressible material. Another aspect describes the 
erosion -resistant sleeve as comprising zirconia or mag- 
nesia. A further aspect describes the sleeve as co- 
pressed with the body of the pour tube. StiM another as- 
pect of the invention describes the interior cavity as 
fonmed by the interface of the body with a third compo- 
nent. 

[001 5] One method for making the article of the inven- 
tion includes coating a sleeve with a spacer material and 
pressing the coated sleeve within the body of the pour 
tube to fomn a pressed piece. The pressed piece can be 
fired thereby removing at least some of the spacer ma- 
terial and creating an accommodation region. Vents 
may be provided for the elimination of spacer material. 
The spacer material is described as comprising a tran- 
sient or compressible material. 
[001 6] Another method of producing the article of the 
Invention comprises co-filling a mold with erosion-resist- 
ant and themnal shock-resistant particulate refractories. 
The erosion-resistant refractory is segregated to the 
slag-line by a guide means and a spacer material is 
placed adjacent to the erosion-resistant refractory. The 
filled mold is pressed and fired to create a pour tube 
having a slag-line sleeve separated from the body by an 
accommodation region. 

[0017] An alternative method of producing the article 
of the invention describes co-pressing a sleeve of a tran- 
sient material inside the pour tube at the slag-line. The 
transient material may then be eliminated to form an in- 
terior cavity. A refractory composition is inserted into the 
cavity and subsequently densified. One aspect of this 
method describes the refractory composition as an in- 
jectable material comprising, for example, a particulate 
refractory and wax. Alternatively, the refractory compo- 
sition is described as densifying at temperatures greater 
than about ISOCC. In either embodiment, an accom- 
modation region is produced after firing. 
[0018] Still another method of producing the article of 
the invention describes mechanically securing an ero- 
sion-resistant, sleeve at the slag-line of a pour tube and 
covering the sleeve with a third component. The third 
component is described as a refractory piece designed 



to fit over the sleeve and create an accommodation re- 
gion when positioned around the sleeve. Alternatively, 
the third component may be a compressible material, 
such as a refractory fiber. An aspect of this method uses 
5 a fourth component to secure the third component In 
place. 

BRIEF DESCRIPTION OFTHE DRAWINGS 
10 [0019] 

FIG. 1 shows a prior art pour tube 1 having a body 
2 with a slag-line sleeve 3 fixedly attached on the 
exterior of the body. 
'5 FIG. 2 shows a prior art pour tube 1 having a slag- 
line sleeve 3 completely encapsulated in the body 
2 of the pour tube. 

FIG. 3 shows a prior art pour tube 1 having two slag- 
line sleeves, a first sleeve 3 comprising a highly ero- 

20 sion-resistant material and a second sleeve 4 com- 
prised of a less erosion-resistant material, an-anged 
so that the first sleeve 3 is sandwiched between the 
body 2 of the pour tube 1 and the second sleeve 4. 
FIG. 4 shows a pour tube 1 of the cun-ent invention 

^5 having a body 2 with a slag-line sleeve 4 disposed 
within an Interior cavity 13. An accommodation re- 
gion 5, shown as a gap 6, exists In the region be- 
tween the sleeve 4 and the body 2. 
FIG. 5 shows a pour tube 1 of the curent invention 

30 having an accommodation region 5 and vents 7 for 
the elimination of transient material. 
FIG. 6 shows a pour tube 1 of the cun-ent invention 
where the slag-line sleeve 3 is covered by a third 
component 8 which is secured to the pour tube 1 by 

55 a fourth component 9. 

[0020] An article of the present invention is shown In 
FIG. 4 and comprises a pour tube 1 having a body 2 with 
an interior cavity 13. A sleeve 4 is enclosed within the 
40 interior cavity 13. 

[0021] An accommodation region 5 exists In the inte- 
rior cavity 13 between the sleeve 4 and the body 2. In 
this embodiment, the accommodation region 5 Is shown 
as a gap 6. 

45 [0022] According to an embodiment of the invention, 
at least the outer surface 1 0 of the sleeve 4 is spaced 
from the body 2 by an accommodation region 5. 
[0023] According to another embodiment of the inven- 
tion, at least the top and/or bottom surfaces 11 , 12 of 

50 the sleeve 4 is (are) spaced from the body 2 by an ac- 
commodation region 5. 

[0024] In operation, the pour tube is subjected to ex- 
treme thennal gradients. The body of the pour tube in- 
sulates the annular sleeve from the resulting themnal 
55 shock and allows the sleeve's temperature to change 
only slowly, thereby reducing the likelihood that the 
sleeve will fracture. The accommodation region permits 
the sleeve to expand without fracturing the body 
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[0025] The body comprises a material possessing 
good thermal shock-resistance, and includes, for exam- 
ple, alumina-graphite and fused silica refractories. Most 
commonly, the tube will be an alumina-graphite compo- 
sition, ranging from about 45 to about 80 weight percent 
alumina with the balance comprising graphite, Prefera- 
bly, the composition is about 62-67 wt.% alumina, about 
20-25 wt.% graphite, with the balance comprising silica, 
zirconia, silicon, and other oxides. A suitable refractory 
for the body portion will generally have a coefficient of 
themnal expansion below about 6 x 1 0'^/°C, and prefer- 
ably about4x10-6/°C. 

[0026] The sleeve is within the interior cavity of the 
pour tube, preferably at the slag-line. The shape of the 
sleeve will depend on several variables, such as the 
shape of the pour tube, the depth of immersion, and the 
depth of the slag. A sleeve will most commonly be cy- 
lindrical; however, it is anticipated that other shapes may 
be used, such as flat plates or asymmetric shapes. Ref- 
erence to a sleeve will assume various shapes and 
should not be construed as limiting the sleeve to a cy- 
lindrical tube. 

[0027] The sleeve must resist erosion caused by slag. 
Slag may comprise glasses, fluxes, oxides, mold pow- 
ders, insulating powders or various impurities that float 
on the surface of molten steel during casting. The sleeve 
may comprise various erosion -resistant compositions 
including, for example, zirconia, titanates, nitrides, mag- 
nesia, dense alumina, and spinels of magnesia, alumina 
and graphite. Such compositions may be sintered or 
carbon-bonded. For example, carbon-bonded zirconia 
will comprise about 80-99.5 wt.% zirconia and about 
0.5-20 wt.% cariDon. A typical carbon-bonded composi- 
tion contains 88 wt.% zirconia and 6 wt.% graphite. In 
contrast, sintered zirconia may be nearly pure zirconia 
with little or no graphite. 

[0028] Erosion-resistant compositions used as slag- 
line sleeves typically have thermal expansion coeffi- 
cients greater than 6 x 1 Q-^/^C. The difference in thermal 
expansion coefficients between the body and the sleeve 
causes the sleeve to expand with temperature more 
than the body. In practice, the sleeve often expands 
more than twice as much as the body. In prior art pour 
tubes, as shown in FIGs. 1 , 2 and 3, thermal shock or 
thermal expansion may fracture the pour tube or the 
sleeve. 

[0029] The present invention has an accommodation 
region between the sleeve and the body. This region 
permits expansion of the sleeve without fracturing the 
body or the sleeve. The region is defined as large 
enough that stresses caused by thermal expansion will 
not fracture the body or the sleeve. The region may be 
made large enough to accommodate the entire expan- 
sion of the sleeve. Obviously, the size of the region de- 
pends on a number of factors, including, but not limited 
to, the thennal expansions and geometries of the body 
and the sleeve, and the casting temperature of the steel. 
[0030] The accommodation region may be a gap. The 



gap should be large enough to pemnit the sleeve to ex- 
pand without placing unacceptable stress on the body 
of the pour tube. Conveniently, the gap is made large 
enough to accommodate themnal expansion of the 
5 sleeve at the temperature of casting. The accommoda- 
tion region may also be a compressible material, instead 
of or in conjunction with a gap. As the sleeve expands, 
the compressible material compacts thereby minimizing 
stresses transmitted to the body. The compressible ma- 
10 terial should have a refractory composition, and most 
commonly will be a refractory fiber, for example, a ce- 
ramic fiber, such as silica or alumina. The compressible 
material may also advantageously secure the slag-line 
sleeve within the interior cavity. 
15 [0031] The article of the present invention may be 
made by several methods. These methods may make 
use of a spacer material comprising a transient or com- 
pressible material. A transient material is any composi- 
tion that can be eliminated from around a sleeve after 
pressing. Elimination of the transient material creates a 
gap between the body of the pour tube and the sleeve 
where the transient material had been. Transient mate- 
rials may be eliminated by, for example, melting, vola- 
tilizing, combusting, degrading, or shrinking. Heat from 
the firing or actual use of the article may be used to effect 
these transitions. Transient materials may comprise 
metals, ceramics and organic compounds. Metals will 
typically be low melting point metals or alloys, such as 
lead. A ceramic may leave a gap between the sleeve 
and the body by, for example, shrinking as a result of 
sintering or degradation. Preferably, the transient mate- 
rial will be an organic material, such as wax, which can 
both melt and volatilize at elevated temperatures. In a 
preferred embodiment, as shown in FIG. 5, the body 2 
of the pour tube 1 will have one or more vents 7, which 
perniit elimination of the transient material or its degra- 
dation products. 

[0032] A compressible material may be used in con- 
junction with or independent of the transient material. 
The compressible material may expand to occupy the 
gap created by elimination of the transient material . Use 
of a compressible material may reduce or eliminate the 
need for vents. The compressible material should be a 
refractory fiber, such as a ceramic fiber, or an expanded 
refractory material. 

[0033] The amount of spacer material required de- 
pends upon the disparity in thermal expansion and 
processing shrinkage between the body of the pour tube 
and the sleeve. A larger disparity suggests the use of a 
greater amount of spacer material. The spacer material 
should be present at least in sufficient amount to prevent 
fracture of the body by thermal expansion of the sleeve. 
Preferably, the amount of spacer material will fully com- 
pensate for the disparity, I n other words, at casting tem- 
peratures, the sleeve will expand to completely fill the 
region between the body and the sleeve. 
[0034] One method of making the article of the 
present invention involves placing a pre-shaped sleeve 
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inside a thermal shock-resistant, particulate, refractory 
body and subsequently pressing the sleeve within the 
body. Particulate means any type of material whether 
powdered, granular, fibrous, chunked, or any shape or 
combination of shapes, and of whatever size, which is 
amenable to being pressed into a form. The sleeve com- 
prises an erosion-resistant refractory and may be pre- 
f ired. The sleeve is coated with a spacer material before 
pressing within the body. The sleeve and body are 
pressed to form a piece, so that the refractory body is 
compacted around the sleeve. Preferably, the piece is 
isopressed, and most preferably the piece is isopressed 
on the inside and outside of the piece. The piece is then 
fired, and an interior cavity fonns that is slightly larger 
than the sleeve so that a region is created between the 
body and the sleeve. The region may include a gap 
when the spacer nriaterial used to coat the sleeve com- 
prises a transient material. 

[0035] The article of the present invention may also 
be made by co-filling a mold with an erosion -resistant 
particulate refractory and athemial shock-resistant par- 
ticulate refractory. A guide means directs the erosion- 
resistant refractory to its proper place in the mold, that 
is, where the slag-line sleeve will be. The guide means 
is often a funnel, tube or annular fomri, but may be any- 
thing capable of directing a particulate into a mold. Of- 
ten, a plurality of guide means are used. A spacer ma- 
terial is then introduced adjacent to the erosion -resistant 
refractory. Conveniently, the guide means may com- 
prise the spacer material, such as, for example, wax 
slips. The filled mold is then pressed to fonn a piece and 
the piece is fired to produce the article. Pressing is most 
commonly done by isopressing. The firing temperature 
should be sufficiently high to densify the erosion-resist- 
ant refractory. Such a temperature is typically above 
1300°C. 

[0036] An alternative method for producing the article 
involves first creating an annular cavity within the ther- 
mal shock-resistant body of the pour tube. This may be 
done by fomrilng an annular piece comprising a spacer 
material, typically an incompressible transient material 
such as wax or a low melting point metal. The annular 
piece is copressed with the themial shock-resistant 
body. The spacer material is then substantially eliminat- 
ed from the cavity, for example, by melting. The spacer 
material may also sublime, volatilize or otherwise be re- 
moved from the cavity. A refractory material having good 
erosion-resistance may then be inserted into the cavity. 
A representative composition includes zircon ia or zirco- 
nia-graphite. Insertion is preferably accomplished using 
an Injectable refractory. Injectable refractories comprise 
a particulate refractory with a transient flow agent, such 
as wax. Firing the resulting pour tube at elevated tem- 
peratures removes the transient flow agent and causes 
the refractory to shrink as carbon-bonding or sintering 
takes place. A suitable temperature for this process will 
be greater than about 1300°C. A gap is thereby formed 
between the injected erosion-resistant sleeve and the 



body of the pour tube. Care must be taken to achieve at 
least a minimum densification of the refractory for good 
erosion-resistance. It should be appreciated that inject- 
ing a refractory into a cavity of the pour tube may be 
5 used in other applications besides slag-line sleeves, for 
example, porous gas inserts. 

[0037] Still another method of making the present in- 
vention, as illustrated by the article of FIG. 6, comprises 
securing a sleeve 4 onto a body 2 and encasing the 

10 sleeve 4 between the body 2 and a third component 8. 
The sleeve may be fixedly secu red to the body with mor- 
tar or may simply engage the body until the third com- 
ponent secures the sleeve in place. The third compo- 
nent may be a refractory piece designed to fit around 

15 the sleeve and the body while leaving a gap between 
the two. Arternatively, the third component may be a 
compressible material, such as refractory fiber. Both 
embodiments enable the sleeve to expand without cre- 
ating destructive stresses in the body. Frequently, a 

20 fourth component 9 may be used to lock the third com- 
ponent 8 and the sleeve 4 in place. A fourth component 
is especially useful where the third component is a re- 
fractory fiber or would otherwise be difficult to mortar in 
place. Both the third and fourth components often com- 

25 prise a plurality of pieces so as fit around the body. 

Example 1 

[0038] An erosion -resistant composition consisting 
30 essentially of zirconia is fired to form a cylindrical sleeve. 
The sleeve is then coated with wax to a thickness ap- 
proximating the size of the sleeve at the casting temper- 
ature of steel. The coated sleeve is placed in a pour tube 
mold so that the sleeve encircles the flow passage and 
35 will be at the slag-line when the resultant pour tube is in 
operation. The sleeve is surrounded by a particulate alu- 
mina-graphite. The filled mold is pressed at 34.48 MPa 
(5000 psi), with pressure being applied on the inside and 
outside of the mold. The resultant piece is fired at great- 
40 erthan 800°C for greater than 2 hours. During firing the 
wax Is eliminated and a gap is created between the 
sleeve and the body. 

Example 2 

45 

[0039] Wax is fonned into a cylindrical shape and 
placed in a pourtube mold around the flow passage and 
at the slag-line. The shape is surrounded by alumina- 
graphite. The filled mold is pressed at 34,48 MPa (5000 

50 psi). A vent is created between the wax and the exterior 
surface of the pressed piece. The wax is melted out of 
the piece through the vent, thereby creating an interior 
cavity. A material comprising 80 wt.% zirconia and 20 
wt.% wax is injected through the vent into the Interior 

55 cavity. The piece is then fired at greater than 1 300**C for 
greater than 5 hours. During firing the wax is eliminated, 
the zirconia densities to fonn an erosion-resistant ma- 
terial, and a gap is created between the zirconia and the 
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body. 

Example 3 

[0040] A pour tube mold is co-filled with a particulate 
zirconia and an alumina-graphite refractory mix. The zir- 
conia is directed into a pour tube mold at the slag-ltne 
using concentric funnels. An annular wax sleeve is 
placed inside of the zirconia around the flow passage. 
The zirconia alumina-graphite and wax sleeve are co- 
pressed at 34.48 MPa (5000 psi) and fired at greater 
than 1300°C for greater than 5 hours. During firing the 
wax is eliminated, the zirconia densities to fonm an ero- 
sion-resistant material, and a gap is created between 
the zirconia and the body. 

[0041] Obviously, numerous modifications and varia- 
tions of the present invention are possible. It is, there- 
fore, to be understood that within the scope of the fol- 
lowing claims, the invention may be practiced otherwise 
than as specifically described. 



Claims 

1. An immersed pour tube (1) for molten metal com- 
prising: 

(a) a body (2) comprising a refractory material, 
the body (2) having a flow passage for the mol- 
ten metal and an interior cavity ( 1 3) surround- 
ing at least part of the flow passage; 

(b) a sleeve (4) within the interior cavity (13) 
comprising an erosion-resistant refractory ma- 
terial, 

characterized In that the sleeve (4) is spaced from 
the body (2) by an accommodation region (5) suffi- 
ciently large to pennit thermal expansion of the 
sleeve (4). 

2. Pour tube according to claim 1 , characterized In 
that at least the outer surface (1 0) of the sleeve (4) 
is spaced from the body (2) by an accommodation 
region (5). 

3. Pour tube according to claim 1 or 2, characterized 
in that at least the top and/or bottom surfaces 
(11,12) of the sleeve (4) is (are) spaced from the 
body (2) by an accommodation region (5). 

4. Pour tube according to any one of claims 1 to 3, 
characterized in that the sleeve (4) comprises 
over 80 wt. % of zirconia. 

5. Pour tube according to any one of claims 1 to 4, 
characterized In that the body (2) has an exterior 
surface and at least one vent (7) communicating be- 
tween the exterior surface and the interior cavity 



(13). 

6. Pour tube according to any one of claims 1 to 3, 
characterized In that the accommodation region 

5 (5) comprises a gap (6) and/or a compressible ma- 
terial, preferably a refractory fiber. 

7. Pour tube according to any one of claims 1 to 5, 
wherein the body (2) comprises a first component 

10 and a third component (8) Joined at an interface, 
characterized in that the interface defines the in- 
terior cavity (13). 

8. Process for making an immersed pour tube (1 ) hav- 
15 ing a body (2) and an erosion-resistant sleeve (4) 

comprising the steps of : 

(a) fonning an annular preform comprising an 
erosion -resistant refractory material; 
20 (b) coating the prefomn with a spacer material, 

preferably a transient material such as wax 
and/or a compressible material such as a re- 
fractory fiber to at least a thickness sufficient to 
create an accommodation region (5) sufficient- 
's ly large to pennit thermal expansion of the 
sleeve (4); 

(c) placing the preform in a particulate refracto- 
ry body mix; 

(d) copressing the prefonn and the body mix to 
30 form an article; 

(e) firing the article sufficiently to produce a 
pourtube(1). 

9. Process for making an immersed pourtube (1 ) hav- 
55 ing a body (2) and an erosion-resistant sleeve (4) 

comprising: 

(a) forming an annular preform comprising a 
transient material; 
40 (b) placing the preform in a particulate refrac- 

tory body mix; 

(c) copressing the prefomn and the body mix to 
fomri an article; 

(d) removing the transient material, preferably 
45 by heating the article, whereby an interior cavity 

is created in the article; 

(e) injecting into the cavity an erosion-resistant 
refractory material; 

(d) firing the article sufficiently, preferably at a 
50 temperature greater than 1300*'C, to density 

the erosion-resistant refractory material and 
produce an accommodation region (5) suffi- 
ciently large to permit thermal expansion of the 
sleeve (4). 

55 

10. Process according to claims 8 or 9, characterized 
In that at least one vent (7) is provided for the es- 
cape of the transient material during firing. 
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1 1 . Process for making an immersed pour tube (1 ) hav- 
ing a body (2) and an erosion-resistant sleeve (4) 
comprising: 

(a) placing the sleeve (4) adjacent to an exterior 
surface of the body (2); 

(b) covering the sleeve (4) with a third compo- 
nent (8), which forms an accommodation re- 
gion (5) sufficiently large to permit thermal ex- 
pansion of the sleeve (4) between the third 
component (8) and the sleeve (4); and 

(c) attaching the third component (8) to the 
body (2). 

12. Process for making an immersed pour tube (1 ) hav- 
ing a body (2) and an erosion-resistant sleeve (4) 
comprising: 

(a) placing a particulate erosion- resistant re- 
fractory material within a pour tube mold at a 
location where the sleeve (4) will be; 

(b) inserting a spacer material adjacent to the 
erosion-resistant material; 

(c) filling the remainder of the mold with a body 
mix; 

(d) pressing the filled mold to form a piece; and 

(e) firing the piece at a temperature sufficient to 
density the erosion-resistant material and fomn 
an accommodation region (5) sufficiently large 
to pemriit thermal expansion of the sleeve (4). 



PatentansprOche 

1 . EingetauchtesGieBrohr (1) fur geschmolzenes Me- 
tall, umfassend: 

(a) einen Korper (2), umfassend ein Feuerfest- 
material, wobei der Korper (2) einen Stro^ 
mungskanal fur das geschmolzene Metall und 
einen inneren Hohlraum (13) aufweist, dermin- 
destens einen Teil des Strom ungskanals um- 
gibt; 

(b) eine Manschette (4) innerhalb des inneren 
Hohlraums (13), die ein erosionsbestandiges 
Feuerfestmaterial umfasst, 

dadurch gekennzeichnet, dass die Manschette 
(4) durch einen Anpassungsbereich (5), der groB 
genug ist, um eine Warmedehnung der Manschette 
(4) zuzulassen, vom Korper (2) beabstandet ist. 

2. GieBrohrnach Anspruch 1 , dadurch gekennzeich- 
net, dass zumindest die AuBenseite (1 0) der Man- 
schette (4) durch einen Anpassungsbereich (5) vom 
Korper (2) beabstandet ist. 

3. GieBrohr nach Anspruch 1 oder 2, dadurch ge- 



kennzeichnet, dass zumindest die Ober- und/oder 
Unterseite (11 , 12) der Manschette (4) durch einen 
Anpassungsbereich (5) vom Korper (2) beabstan- 
det ist (sind). 

5 

4. GieBrohr nach einem der Anspriiche 1 bis 3, da- 
durch gekennzeichnet, dass die Manschette (4) 
uber 80 Gew.-% Zirkonerde umfasst. 

10 5. GieBrohr nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, dass der Korper (2) eine 
AuBenseite und mindestens eine Entluftungsoff- 
nung (7) aufweist, die eine Verbindung zwischen 
der AuBenseite und dem inneren Hohlraum (13) 

15 herstellt. 

6. GieBrohr nach einem der Anspruche 1 bis 3, da- 
durch gekennzeichnet, dass der Anpassungsbe- 
reich (5) einen Spalt oder Zwischenraum (6) und/ 

20 Oder ein kompressibles Material, vorzugsweise ei- 
ne feuerfeste Faser, umfasst. 

7. GieBrohr nach einem der Anspruche 1 bis 5, bei 
dem der Korper (2) eine erste Komponente und eine 

25 dritte Komponente (8) umfasst, die an einer Grenz- 
flache veriDunden sind, dadurch gekennzeichnet, 
dass die Grenzflache den inneren Hohlraum (13) 
begrenzt. 

30 8. Verfahren zur Herstellung eines eingetauchten 
GieBrohrs (1) mit einem Korper (2) und einer erosi- 
onsbestandigen Manschette (4), umfassend die 
Schritte: 

35 (a) Bilden eines ringformigen Vorfo mi lings, der 

ein erosionsbestandiges Feuerfestmaterial 
umfasst; 

(b) Beschichten des Vorfomnlings mit einem 
Abstandhaltermaterial,- vorzugsweise einem - 

40 Ubergangsmaterial, wie Wachs, und/oder ei- 

nem kompressiblen Material, wie einer feuerfe- 
sten Faser, bis mindestens zu einer Dicke, die 
ausreicht, um einen Anpassungsbereich (5) zu 
erzeugen, der groB genug ist, um eine Warme- 

^ dehnung der Manschette (4) zuzulassen; 

(c) Platzieren des Vorfonnlings in einer teil- 
chenformigen Feuerfestkorpermischung; 

(d) gemeinsames Pressen des Vorfomnlings 
und der Korpemnischung, um einen Gegen- 

50 stand zu fomrien; 

(e) ausreichendes Brennen des Gegenstan- 
des, um ein GieBrohr (1) zu erzeugen. 

9. Verfahren zur Herstellung eines eingetauchten 
55 GieBrohrs (1) mit einem Korper (2) und einer erosi- 
onsbestandigen Manschette (4), umfassend: 

(a) Bilden eines ringfomnigen Vorfonnlings, der 
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ein Ubergangsmaterial umfasst; 

(b) Platzieren des Vorformlings in einer teil- 
chenformigen Feuerfestkorpermischung; 

(c) Gemeinsames Pressen des Vorformlings 
und der Korpennischung, urn einen Gegen- 
stand zu fomnen; 

(d) Entfemen des Ubergangsnnaterials, vor- 
zugsweise dunch Erwannen des Gegenstan- 
des, wodurch im Gegenstand ein innererHohl- 
raum erzeugt wird; 

(e) Einspritzen eines erosionsbestandigen 
Feuerfestmaterials in den Hohlraunn; 

(f) ausreichendes Brennen des Gegenstandes, 
vorzugsweise bei einer Temperatur von mehr 
als 1300°C, urn das erosionsbestandige Feu- 
erfestmaterial zu verdichten und einen Anpas- 
sungsbereich (5) zu erzeugen, der gro3 genug 
ist, urn eine Warmedehnung der Manschette 
(4) zuzulassen. 

10. Verfahren nach den Anspriichen 8 oder 9, dadurch 
gekennzeichnet, dass mindestens eine Entliif- 
tungsoffnung (7) zum Entweichen des Ubergangs- 
materials wahrend des Brennens vorgesehen ist. 

11. Verfahren zur Herstellung eines eingetauchten 
GieBrohrs (1 ) mit einem Korper (2) und einer erosi- 
onsbestandigen Manschette (4), unnfassend: 

(a) Platzieren der Manschette (4) benachbart 
zu einer AuBenseite des Korpers (2); 

(b) Abdecken der Manschette (4) mit einer drit- 
ten Komponente (8), die einen Anpassungsbe- 
reich (5) bildet, der gro3 genug ist, urn eine 
Warmedehnung der Manschette (4) zwischen 
der dritten Komponente (8) und der Manschette 
(4) zuzulassen; und 

(c) Befestigen der dritten Konnponente (8) am 
Korper (2). 

12. Verfahren zur Herstellung eines eingetauchten 
GieBrohrs (1 ) mit einem Korper (2) und einer erosi- 
onsbestandigen Manschette (4), umfassend: 

(a) Platzieren eines teilchenfonnigen erosions- 
bestandigen Feuerfestmaterials Innerhalb ei- 
ner GieBrohrfonn an einer Stelle, wo die Man- 
schette (4) sein wird; 

(b) Einbringen eines Abstandhaltermaterials 
benachbart zum erosionsbestandigen Materi- 
al; 

(c) Fiillen des Rests der Form mit einer Korper- 
mischung; 

(d) Pressen der gefullten Form, um ein Teil zu 
bilden; und 

(e) Brennen des Tells bei einer Temperatur, die 
ausreicht, um das erosionsbestandige Material 
zu verdichten und einen Anpassungsbereich 



(5) zu bilden, der groB genug ist, um eine War- 
medehnung der Manschette (4) zuzulassen. 



5 Revendlcatlons 

1. Tubedecoul6eimmerg6(1 ) pourm^talfonducom- 
prenant: 

^0 a) un corps (2) comprenant un mat6riau r6frac- 

taire, le corps (2) ayant un canal decoul6e pour 
le m6tal fondu et une cavite et une cavit6 int6- 
rieure (1 3) entourant au moins une partie du ca- 
nal de coulee; 

15 b) un manchon (4) dans la cavity int^rieure (1 3) 

comprenant un mat6riau refractaire resistant a 
I'erosion, 



caracterlse en ce que le manchon (4) est espac6 
20 du corps (2) par une zone d' accommodation (5) suf- 
fisamment large pour pemiettre la dilatation thermi- 
que du manchon (4). 

2. Tube de coul§e suivant la revendication 1 , Carac- 
as terise en ce qu'au moins la surface exteme (1 0) du 

manchon (4) est espac^e du corps (2) par une zone 
d'accommodation (5). 

3. Tube de coulee suivant la revendication 1 ou 2, ca- 
30 racterise en ce qu'au moins la surface sup6rieure 

et/ou inferieure (11,12) du manchon (4) est(sont) 
espac6e(s) du corps (2) par une zone d'accommo- 
dation (5). 

35 4. Tube de coulee suivant I'une quelconque des re- 
vendlcatlons 1 ^ 3, caracterlse en ce que le man- 
chon (4) comprend plus de 80% en poids de zirco- 
ne. 

40 5. Tube de coul6e suivant I'une quelconque des re- 
vendications 1^4, caracterlse en ce que le corps 
(2) a une surface ext6rieure et au moins un 6vent 
(7) communiquant entre la surface ext6rieure et la 
cavity interieure (13). 

45 

6. Tube de coul6e suivant I'une quelconque des re- 
vendications 1 ^ 3, caracterlse en ce que la zone 
d'accommodation (5) comprend un vide (6) et/ou un 
materiau compressible, de preference de la fibre r6- 

50 fractaire. 

7. Tube de coulde suivant I'une quelconque des ro- 
vendications 1 k 5, dans lequel le corps (2) com- 
prend un premier composant et un troisifeme com- 

55 posant (8) jolntifs k une interface, caracterlse en 
ce que I'interface d6finit une cavit6 interieure (13). 

8. Proc6d6 pour faire un tube de coulee immerg6 (1 ) 
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ayant un corps (2) et un manchon (4) resistant a 
r^rosion comprenant les 6tapes de: 

a) construire un pr6form6 annulaire compre- 
nant un mat6riau r^fractaire resistant ^ r6ro- 
sion; 

b) enduire le pr6fonn6 avec un mat6riau d'es- 
pacement, de preference un mat^riau transitoi- 
re tel que de la cire et/ou un mat6riau compres- 
sible tel que de la fibre r6fractaire jusqu'd au 
moins une 6paisseur suffisante pour cr6er une 
zone d'accommodation (5) suffisamment large 
pourpemnettre la dilatation themnique du man- 
chon (4); 

c) placer le pr6fonne dans un melange de par- 
ticules rdfractaires constituant I e corps; 

d) copresser le pr6form6 et le melange consti- 
tuant le corps pour former un article; 

e) cuire rarticle suffisamment pour produire un 
tube de coulee (1). 

9. Proc^de pour faire un tube de coul6e immerge (1 ) 
ayant un corps (2) et un manchon (4) resistant h 
r^rosion comprenant: 

a) la mise en fonne un preform^ annulaire com- 
prenant un mat6riau transitoire; 

b) le placement du pr6form6 dans un melange 
de particules r^fractaires constituant le corps; 

c) le copressage du pr6form6 et le m6lange du 
corps pour former un article; 

d) reiimination du mat6riau transitoire, de pr6- 
f6rence par chauffage de I'artlcle, pour cr6er 
une cavitd int6rieure dans Tarticle; 

e) I'injection dans la cavite int6rieure d'un ma- 
t6riau r6fractaire resistant & I'^rosion; 

f) la cuisson de I'article suffisamment, de pre- 
ference ^ une temperature sup6rieure a 
1300°C, pour densifier le materiau rdfractaire 
resistant k {'erosion et produire une zone d'ac- 
commodation (5) suffisamment large que pour 
pemnettre la dilatation themnique du manchon 
(4). 

10. Procede suivant la revendication 8 ou 9, caracteri- 
se en ce qu'au moins un event (7) est pr6vu pour 
I'evacuation du materiau transitoire durant la cuis- 
son. 
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pennettre la dilatation thermique du manchon 

(4) entre le troislfeme composant (8) et le man- 
chon (4); et 

c) la fixation du troisieme composant (8) au 
corps (2). 

12. Precede pour faire un tube de coulee immerge (1) 
ayant un corps (2) et un manchon (4) resistant k 
rerosion comprenant: 

a) le placement des particules de materiau r6- 
fractaire resistant k rerosion k I'interieur d'un 
moule de tube de coulee k I'endroit ou le man- 
chon (4) se trouvera; 

b) I'insertion d'un materiau d'espacement adja- 
cent au materiau resistant a rerosion; 

c) le remplissage du reste du moule avec le me- 
lange du corps; 

d) le pressage du moule rempli pour fomier un 
article; et 

e) la cuisson de I'article k une temperature suf- 
fisante pour densifier le materiau resistant a 
rerosion et fomner une zone d'accommodation 

(5) suffisamment large pour permettre la dila- 
tion thermique du manchon (4). 



45 



11. Precede pour faire un tube de coul6e immerge (1) 
ayant un corps (2) et un manchon (4) resistant k 
rerosion comprenant: 

a) le placement du manchon (4) adjacent k la 
surface exterieure du corps (2); 

b) le recouvrement du manchon (4) avec un 
troisieme composant (8), qui forme une zone 
d'accommodation (5) suffisamment large pour 
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